strong influence on tongue activity during mastication, given the coupled relationship between tongue and jaw movement as observed during chewing in humans8,9). However, the precise nature of this influence, especially in the actual chewing stage, has not been clearly defined.
In previous studies, we reported that the electromyographic (EMG) activity recorded from the skin over the mylohyoid muscle with bipolar surface electrodes can reflect the tongue movement in the oral cavity7,10) We also suggested that this recording may be useful for the study of tongue function during mastication of food as an index of tongue activity without invasive EMG recording techniques such as the insertion of needles or wire electrodes. In the present study, then, the EMG activity recorded from the skin over the mylohyoid muscle and jaw muscles during mastication of three kinds of food was investigated in adult human subjects.
Materials and Methods
Eleven healthy adult volunteers (three male, eight female, mean 30.6 yrs) with functionally normal occlusion participated in this study. All eleven gave their informed consent to participate after receiving a full explanation of the aims and design of the study. on the skin over each muscle (Fig. 1) . The M and the Da were identified by palpation during chewing and resisted jaw opening, respectively. In the case of the MH, the hyoid was palpated, and then bipolar electrodes were placed 5mm superior to the hyoid across the mid line as we described in a previous report10).
Three kinds of food (gumi candy: G, peanuts: P and rice cake: RC) were used as chewing material in analysis (double-bite test)11). Each sample was tested using a 5mm diameter plunger with a 67% strain (strain was the ratio of the compression distance to the initial height of the sample), and the following parameters were derived. Hardness: the maximum peak height for the first bite, Adhesiveness: the area under the first negative peak (i.e. the work required to pull the plunger from the sample), Cohesiveness: the ratio of the area under the second peak to the area under the first peak, and Gumminess: Hardness times Cohesiveness. Table 1 shows the texture parameters of the foods (G, P and RC) obtained from eight samples of each food. As shown, P was the hardest while RC was the most adhesive of the three.
Subjects were instructed to ingest each of the three foods, chew and then swallow in their usual manner .
They were also instructed to raise their right hand at the point they commenced swallowing during the masticatory sequence. This sign was useful for confirming the onset of swallowing when taking the EMG recordings. and when the tongue was pressed against the palate (press). The Da-EMG was active during maximum jaw opening (opening). In contrast, the MH-EMG was active when the tongue was pressed against the palate (press). (Fig. 4) . The chewing time was significantly (p<0.01) longer for P than G. The number of chewing cycles was also significantly (p<0.05) higher for P than G. Figure 5 shows the mean value for chewing rhythm, obtained from eleven subjects, in the three stages of chewing for all three foods. During mastication of G, the rhythm increased significantly according to the
